Cocoa is a major export crop in Nigeria with highest percentage coming from Ondo State. However, the production has dwindled in recent years. This study has examined the impacts of soil physico-chemical properties (pH, total organic carbon (TOC), cation exchange capacity (CEC) and textural nature) of different cocoa plantations within six selected communities of Ondo State, Nigeria on cocoa productivity. Results obtained showed that soils of the various locations are not significantly different from one another in terms of chemical properties but differ with decreasing soil profile. The pH, OC and CEC obtained ranged from 5.1, 0.35 -4.30% and 2.10 -6.05 meq/100g respectively which tended to decrease with depth. A guided fertilizer usage has been recommended to cocoa farmers to boost the productivity of the cash crop.
Introduction
Agriculture plays an important and strategic role in the revival of Nigerian national economy and cocoa (Theobroma cacao L.) remains a major export crop in Nigeria. In 1998, a revenue of 7459.3 million Naira (US$ 53,280 at 140 per US$) was derived from dried cocoa beans (half of the income attributed to the total export of major agricultural products) (CBN, 1998) . Cocoa was first cultivated in the western region of Nigeria in 1890 (Adegeye, 1996) . Its cultivation gained prominence rapidly in Nigeria such that by 1965, Nigeria became the second largest producer in the world (Adegeye, 1996) .
In general, cocoa producing states lie within the rainforest zone of Nigeria which includes Ondo, Ogun, Oyo, Ekiti, Ogun, Edo, Delta, Cross-Rivers and Akwa-Ibom. However, over 50% of the total quantity of cocoa produced for export or utilized locally per annum comes from Ondo State (Adegeye, 1996) . The production, however, has declined in recent years; a fact attributed partly to poor soil quality (Ajobo, 1980; Egbe, 1989) .
In Nigeria, and elsewhere in the tropics, extensive studies have been carried out on many tree crops including cocoa (Ekanade 1985a (Ekanade , 1985b (Ekanade , 1988 . Previous records on soil survey between 1951 and 1962, within the cocoa belts of Nigeria revealed that about 62% of Nigeria cocoa is grown on good or fairly good soils and the remaining thirty eight per cent on poor or very poor soil (Smyth and Montgonery, 1962) . It has also been shown experimentally by the Cocoa Research Institute of Nigeria (CRIN) that continuous cultivation of cocoa at same farmland leads to appreciable decline in physico and chemical properties of the soil (Omotosho, 1965 (Omotosho, , 1971 .
Crop production involves a complex interaction between the environment, soil parameters, and nutrient dynamics. Because of this fact, the soil must be studied in terms of the productive potentials. Failure to understand these complexities has resulted in lack of good crop production and management techniques; hence agricultural production has tended to be low.
Soil fertility decline is considered as an important cause for low productivity of many soils ( Sanchez, 2002) . It has not received the same amount of research attention as soil erosion; probably because as soil fertility decline is less visible and less spectacular, and more difficult to assess. Assessing soil fertility decline is difficult because most soil chemical properties either change very slowly or have large seasonal fluctuations. This decline includes; nutrient depletion, nutrient mining, acidification (decline in pH and or an increase in exchangeable Al), loss of organic matter and increase in toxic elements (e.g., Al, Mn) (Hartemink, 2006) .
In the present study, physicochemical characterization of soils namely pH, clay, silt, sand, total organic carbon (TOC) and exchangeable cations from different cocoa plantations in selected communities Ondo State, Nigeria, has been carried out at different soil depths (0-15cm: 15-30cm; 30-45cm) . The specific objectives included (1) to make a detailed characterization of some selected cocoa soils of Ondo State and examine the impact of each parameter to cocoa yield (2) to evaluate these soils for cocoa production and (3) to identify communities of probable maximum cocoa which can be encouraged.
Materials and Methods

Study Area
Ondo State is the largest cocoa-producing state in Nigeria (Olujide and Adeogun, 2006) . It is commonly known as the cocoa belt or the land of cocoa farmers. Out of the several cocoa producing communities in the state, soils from six communities were carefully selected in the present study. These cocoa farms are located as follows: Oda town in Akure, Government Farm in Idanre, Ago Panu in Owo, Ikpenme in Owo, Ile-Oluji farm and Bagbe in Ondo (Fig. 1) . Details of the sampling locations and climatic conditions are presented in Table 1 .
Sampling
A crucial issue in quantitative plant ecology is the selection of sample from which data is to be collected. This is because the reliability of the final conclusions depends largely on how well the data have been built (Kershaw, 1985) . Sampling design for this study was based on two premises: first, the need to spread sample sites objectively over the study area and second, the need to ensure that plant and site characteristics are adequately depicted. The entire plantation at each community was divided into three plots from each of which samples were collected. Soil samples were collected from three sampling depths 0-15cm, 15-30cm and 30 -45cm, hereafter referred to as topsoil, subsoil (SS) and sub-sub soil (SSS) respectively. The sampling was restricted to this zone because the zone provides the bulk of plant nutrients (Soil Survey Laboratory Staff, 1992) . Samples were collected inside labeled polythene bags.
Sample Treatment and Analysis
Soil samples were air-dried, sieved, and analyzed in the laboratory using standard techniques. Particle size composition was obtained by hydrometer method (Bouyoucos, 1962) . Soil pH was determined in water and 0.1 M KCl solution at 1:2.5 soil/solution ratio. Organic carbon content was found by the modified K 2 Cr 2 O 7 digestion of Walkley-Black method (Nelson and Sommers, 1996) . The cation exchange capacity (CEC) was determined by adding the 1 M KCl extractable acidity to cations (Ca 2+ , Mg 2+ , Na + , K + ) exchanged by neutral 1 M NH 4 C 2 H 3 O 2 (pH 7) as described in Thomas (1982) . The K and Na were measured with flame photometer while the Mg and Ca were determined with atomic absorption spectrophotometer. The exchangeable acidity was determined by titration and the cation exchange capacity (CEC) was obtained by summation of exchangeable cations and exchange acidity.
Results
The ranges of the results of some soil physico-chemical properties of the various sampling locations are presented in Table 2 while Fig.2 gives the textural pattern of the soils at different depths. The sand, clay and silt (%) ranged between 65 -39, 40 -19 and 26 -12 respectively. At Ikpenme Farm in Owo, the mean pH at TS, SS and SSS are 7.2±0.3, 6.7± 0.2 and 6.6± 0.3 respectively while the OC (%) gave 1.6±0.2, 0.9±0.1 and 0.5± 0.2 respectively. For the CEC (meq/100g), the mean values are 5.7±0.6, 5.1±1.5 and 6.0± 0.6 respectively. In a similar trend, at Ago Panu, the highest mean pH (6.7±0.4) and the least (6.1±0.4) were recorded at TS and SSS respectively. The mean OC (%) ranges between 1.77 (at SSS) to 0.70 (at TS) while mean levels of CEC (meq/100g) are 3.3±1.1, 4.3±1.0 and 6.1±0.9 for the TS, SS and SSS respectively.
The trend differs at Ile -Oluji where the mean pH was 5.2(at TS) and 5.5 (at SSS). However, for OC (%) and CEC (meq/100g), the mean concentrations decrease with depth. The highest mean OC (1.7±0.2) and the least (0.2±0.1) were recorded at TS and SSS respectively. Similarly mean CEC (meq/100g) values of 4.3±0.6, 3.2±0.9 and 2.6±0.5 were recorded at TS, SS and SSS respectively. At Bagbe in Ondo, all the parameters determined decreases with increasing soil depth. The highest and least mean pH is 6.3±0.4 (at TS) and 5.4±0.2 (in SSS). The mean OC from 0.9±0.4 (in SSS) to 2.9±0.8 (in TS) while the mean CEC (meq/100g) are 4.3±1.5, 3.2±0.8 and 2.9±0.6 for the TS, SS and SSS respectively. The mean pH across the various depths in soils from Govt. Farm Idanre is very close (6.6 to 6.7). Both the OC and the CEC decrease with depth. In TS, highest mean concentration of OM (4.0±0.3) and CEC (5.2±1.2 meq/100g)) were recorded while the least concentration of OM (0.6±0.2) and CEC (2.1±0.3 meq/100g)) were recorded in SSS and SS respectively. In soils from Oda farm in Akure, the mean pH across the various depth ranges between 6.22 to 6.48 while the highest and the least mean OM (CEC in bracket) were 3.8±0.1(5.2±0.6 meq/100g) and 1.2±0.4(2.8±0.4 meq/100g)) in sample of TS and SS respectively.
Discussion
Particle size analysis
One possible confounding factor that could explain some of the variations in soil physicochemical characteristics from the various locations is difference in grain size distribution (Fig. 2) . The soil contain significant percentage of sand, particularly at Bagbe, Govt. Farm Idanre, Ile-Oluji in Oda in Akure while high proportion of silt and clay were recorded at both Ago Panu and Ikpenme in Owo LG. Soils composed largely of silt and clay compress (collapse) as they lose water, leaving no air-filled interstices. Such soils continue to have low permeability to oxygen during subaerial exposure despite water loss, allowing anaerobic conditions to persist during low tide. Soils of intermediate grain size composition exhibit partial compression. Indeed, compressibility has been found to be linearly correlated to silt-clay content (Bradley and Morris, 1990) . This compressibility as experienced may be responsible to the poor quality of cocoa at Ikpenme and Ago Panu.
Effects of Soil pH
The effect of soil pH is profound on the solubility of minerals and nutrients. It is regarded as a useful indicator of other soil parameters. Particularly, profound yields useful information about the availabilities of exchangeable cations (e.g Ca 2+ , Mg 2+ , K + , e.t.c) in soils. Most minerals and nutrients are more soluble or available in acid soils than in neutral or slightly alkaline soils. The average pH-H 2 O of Ago Panu, Ikpenme, Govt. Farm Idanre and Oda Akure was neutral (pH 6.0 -7.5) based on literature (Dennis, 1993). However, the pH varied from slightly acid to neutral (pH 5.5 -6.0) for Bagbe-Ondo. Soil pH reveals that the soil is mildly acidic at Ile-Oluji Farm. This condition in soils from Bagbe and Ile-Oluji is favorable to nutrient uptake by plants (Tisdale and Nelson, 1975) . This could be responsible for the relatively better quality cocoa products from these locations.
The pH varies slightly with depth at Bagbe, Ago-panu and Ikpenme. It is relatively stable at Government farm Idanre and Oda-Akure while at Ile-Oluji, the pH slightly decreases with depth. Several factors may be responsible for the fluctuating nature of the pH with depth. This may include variability in the use of fertilizer and some other chemicals and also the year of establishment.
Organic Matter Assessment
The organic matter of soils includes the remains of plants, animals and microorganisms in all stages of decomposition. The level of organic matters in soils influences a number of soil chemical and physical properties. Based on available data on soil guidelines, the data in Table 2 , the OC falls within medium to high (Karageorgis, 2005) . In the present study, highest OC was recorded in the TS which tend to decrease sharply the soil profile at some locations and mild at some across all the study sites (Fig 3a-c) . Across all the sampling locations, the OC content of the soil decreases with depth (Fig 2a-c) . This is most pronounced (p < 0.05) between the top soil (0 -15 cm) and the sub-soil (15 -30 cm) depth. Further decrease at depth 30 -45 cm was not significant (p > 0.05).
The decrease with depth occurs at different rates indicating that other factors play significant roles in organic matter decomposition. Organic carbon content of all the top soils was high (2 -5%) for Ile -Oluji, Govt. Farm Idanre, Oda Akure and Bagbe-Ondo, and medium (1-2%) for Ago-Panu and Ikpenme both in Owo (Denis, 1993) . According to Figs. 3a-c, highest percentage of OC was recorded at Government farm Idanre and Oda-Akure. However, about 75% of this content resides within the top-soil unlike Ile-Oluji farm and Bagbe where the OC content are better distributed within the various soil depths. Thus, soils from these locations displayed the most farmers' friendly trend in OC reduction with depth. This is good for a tree crop like cocoa, with a tap root that is deep rooted. The low organic matter content as recorded in Ikpenme and Ago Panu can be said to be contributory to the low and poor quality cocoa from these locations.
Assessment of Soil CEC
The CEC is a measure of the soil's ability to adsorb (and release) cations. It is highly needed for the estimation of contaminant transport potential and sorption capacity for any soil location i.e. the total number of cations it can retain on its adsorbent complex at a given pH. The CEC's across the various sites ranged from 6.05 to 2.10 meq/100g. These values falls within low to very low CEC based on EPA's ESES guidelines (Russell, 1994) . The presence of these low values of CEC indicates the presence of less clay and organic matter (Liber et al., 1996) . The exchangeable cations occur in low to very low concentrations, with calcium being the most abundant (Table  2) .
Based on the data in Table 2 , even when the exchangeable K is assumed as available K, the value was very low (0.12 -0.43 mg/kg) for all the soil layers. Previous researcher suggested the application of potassium fertilizer to soils with exchangeable K of < 0.30 mg/kg fertilizer (Adiningsih and Sudjadi 1983; Yost et al. 2006) . The application of fertilizer and manures may be necessary for all the sampling locations for improved cocoa productivity (Lal 2000; Wade and Sanchez 1983) . Similarly, the average content of exchangeable Ca was relatively far higher than K with mean values ranging from 0.7 to 2.9 mg/kg. Highest concentration was recorded at Ago Panu and Ikpenme farm. Comparatively, it can be observed that the concentrations of Mg are some folds higher than those of K ( Table 2 ). The implication of this according to Soil Survey Laboratory Staff (1992) is that the ions, K, can easily be replaced by contaminants such as heavy metals because the sorption capacities for such ions in the soil matrix are very low. It is however important to note that in studies of cations, different chemical and procedures are used to extract cations in soils (NH 4 + acetate, acetic/lactic acids and Olsen procedures e.t.c). Thus wide variations in the levels of cations in soil are expected from different extraction techniques, resulting in different interpretations.
For Ago-panu and Ikpemu, though high in exchangeable cation, the OC are very low compared to other locations in the study. Site evaluation during sampling revealed very poor cocoa yield from these two sites, particularly at Ago-Panu. One may wonder why, considering the exchangeable cations. These ions, particularly Ca and Mg are expected considering the rocky nature of the plantation sites. However, these ions are not in bioavailable form. This can be attributed to the coarse textural and the gravelly sub-soil, which affect deep rooting and nutrients accessibility. In addition, compressibility resulting from the high proportion of silt and clay within the sites may be contributory
The low soil-CEC and low organic matter are the main constraints of fertility of these soils. Therefore, organic matter application is recommended to improve CEC, carbon content and nutrient availability particularly at Ile-Oluji, Bagbe, Govt. Farm Idanre and Oda Farm in Akure. Base saturation was high to very high (69-96%) for all the soil profile across the various locations. These percentages are valuable indicators of the chemical richness of these locations, which will assist to determine the biological activity, the quality of its structure and reserves of nutrient elements.
In general, from available records from Ondo State Ministry of Agriculture, details of cocoa yield and ranking between 2003 and 2007 are presented in Fig.4 . From Fig.4 , it is obvious that other parameters may be responsible or contributory to the quantity and quality of cocoa than those considered in the study.
Conclusion and Recommendation
Based on the findings above, it is obvious that the dominant limiting factors of soil fertility include low organic matter content, low exchangeable minerals nutrients such as K and low soil CEC. Consequently, cocoa farmers are advised to increase organic matter for better soil CEC, and water holding capacity. This may include addition of farmyard manure, green manures, and/or crop residues and inorganic fertilizers. 
